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GEOLOGY AND GROUND-WATER RESOURCES OF
WINKLER COUNTY, TEXAS

By Sere1o Garza and JoHN B. WESSELMAN !

ABSTRACT

Winkler County, in west Texas, is adjacent to the southeast corner of New
Mexico. Most of the county lies in the Pecos Valley ; the remainder, in the north-
eastern part of the county, is part of the Llano Estacado, or the High Plains. Its
principal industries are those related to the production and refining of oil, but
ranching also is an important occupation. The county has an arid to semiarid
climate, an area of about 887 square miles, and a population of about 12,000
in 1957.

The principal fresh-water-bearing formations in Winkler County are the Ceno-
zoic alluvium, which mantles the surface of most of the county, and the Santa
Rosa sandstone of Late Triassic age. The alluvium is saturated at a depth rang-
ing from a few feet below the land surface to about 150 feet, and the water is
under water-table conditions. The Santa Rosa sandstone is fully saturated
throughout most of the county, the water occurring under both unconfined
(water-table) and confined (artesian) conditions. The underlying older for-
mations contain water too highly mineralized for most uses, but they are im-
portant because water from these underlying beds, which is produced with the
oil, is a source of pollution to the fresh-water aquifers. The formations also
are a source of water to waterflooding projects for the secondary recovery
of oil.

The alluvium is replenished chiefly by precipitation, throughout the county.
The sand-dune area in the eastern part is the most favorable area of natural
recharge. The Santa Rosa sandstone is recharged through the alluvium where
the two formations are in contact. ’

Infiltration of saline water, which with oil and waste water has been produced
from industrial plants, has been taking place through surface earthen pits.
About 18 mgd (million gallons per day) of saline water was being produced
from the many oil fields throughout the county during August 1957, and almost
all this water was placed in surface pits. The Hendrick oil field alone produced
about 14.5 mgd during that month, and an estimated 800,000 acre-feet from
1937 to 1957.

About 20 million acre-feet of fresh water is stored in the explored ground-
water aquifers of Winkler County, of which an estimated 5 to 7 million acre-
feet can be practicably recovered. A daily average of about 8.2 million gallons
(9,200 acre-feet per year) of fresh water was used in the county during 1956.
Public and industrial use accounted for about 6.8 mgd ; irrigation, domestic, and
stock uses accounted for 1.4 mgd. Projects engaged in the secondary recovery

1 Geologist, Texas Board of Water Engineers.
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of oil were the largest consumers, using an average of about 3 mgd of fresh
water and about 2.7 mgd of saline water during 1956.

Water wells drilled in the deep trough of Cenozoic alluvium south of Wink may
yield 1,000 gpm (gallons per minute) or more. A pumping test of the alluvium
in that area indicated a coefficient of transmissibility of about 25,000 gpd (gal-
lons per day) per foot. Wells, other than windmill wells, drawing water from
thinner sections of alluvium in the rest of the county yield between 100 and 300
gpm. Most of the wells in the Santa Rosa sandstone yield 30400 gpm. Two
municipal wells at Kermit that tap the Santa Rosa sandstone were tested at
1,200 and 1,875 gpm. The large yield of these wells probably results from the
presence of fractures in the structurally deformed aquifer. Pumping tests in
the Kermit area indicate that locally a full section of the Santa Rosa sandstone
has an average coefficient of transmissibility of about 25,000 gpd per foot and
a coefficient of storage of about 0.0003. The transmissibility in two other tested
areas is much less.

The chemical quality of the water in the principal aquifers is generally
acceptable for industry and for public supply. About two-thirds of the samples
collected from fresh-water wells had a dissolved-solids content of less than
1,000 ppm (parts per million) ; however, some samples in a few areas were
hard and were high in fluoride and silica. Samples from wells in polluted areas
contained dissolved solids ranging from about 1,400 to 71,100 ppm. Two com-
prehensive analyses of water samples from the Rustler formation showed a
dissolved-solids content of 18,400 ppm. and 157,000 ppm. In most of the water
produced with the oil in the Hendrick oil fleld, the content of dissolved solids
ranged from about 4,000 to about 10,000 ppm. The water produced with the oil
in the rest of the oil fields in Winkler County was mainly brine.

INTRODUCTION

PURPOSE AND SCOPE

In 1956 an investigation of the ground-water resources of Winkler
County was begun through a cooperative agreement among the U.S.
Geological Survey, the Texas Board of Water Engineers, and the
Commissioners’ Court of Winkler County. The purpose was to ob-
tain information as to the source, occurrence, utilization, quantity, and
quality of ground water in the county. As the work progressed, the
pollution of ground water by oil-field waste water through surface
pits became a principal subject of study.

Field data were gathered from September 1956 through September
1957. The report contains records of 747 wells (table 7) and 176
drillers’ logs (table 8). The table of well records includes 189 alti-
tudes of water wells determined by the U.S. Geological Survey, 198
altitudes of oil and water wells furnished by oil companies, and rec-
ords of 136 oil tests and oil wells. All electric and radioactivity logs
used in this study have been placed in the permanent file of well logs
maintained by the Texas Board of Water Engineers. Pumping tests
were made on wells to determine the hydraulic properties of the
aquifers. The water samples collected in 1956 and 1957 were analyzed
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in the laboratory of the Geological Survey in Austin, Tex. The
table of 167 chemical analyses (table 9) includes 25 made by the
Works Progress Administration in 1940 (Forbes and others, 1941, p.
31-35), though they were made by methods that were not sufficiently
accurate for results to be closely comparable to those of later analyses.
Chemical analyses of saline water produced by oil wells, mostly
made by commercial laboratories, are compiled in table 6.

The study was made under the supervision of R. W. Sundstrom, dis-
trict engineer in charge of ground-water investigations in Texas.

ACKNOWLEDGMENTS

Appreciation is expressed to all who contributed information and
assistance in the field and in the preparation of the report. City
officials of Kermit and the Commissioners’ Court of Winkler County
provided manpower and equipment on several occasions; the Court
also furnished office space. Qil companies furnished records, including
pumpage data and altitudes of both water and oil wells. Particular
recognition is due the geologic staff of Magnolia Oil Co.’s Midland
office for technical assistance and access to its log file. The waterwell
drillers and the ranchers of the area gave free access to their records.

PREVIOUS INVESTIGATIONS

An inventory of water wells in Winkler County was made in 1940
as a project of the Works Progress Administration in cooperation with
the Texas Board of Water Engineers and the U.S. Geological Survey
(Forbes and others, 1941).

A. H. Dunlap of the State Board of Water Engineers, in 1939, and
J. W. Lang of the U.S. Geological Survey, in 1947, made brief field
investigations of ground water in the vicinity of Kermit, but formal
reports of the investigations were not made. The results of those
studies are incorporated in this report.

WELL-NUMBERING SYSTEM

In the report by Forbes and others (1941) the wells were numbered
consecutively in one series. Those well numbers have since been
changed to conform to a grid system designed to facilitate location of
the wells (see table 1). In this report the county is divided into
separate units by means of grids. Lines of latitude and longitude were
used to determine the grids, which constitute a modified 10-minute
grid system. The grids are identified by letters of the alphabet, from
A through H, starting with the northwest grid and moving in a west-
to-east, north-to-south succession. Inside the grids the individual
wells are numbered consecutively, beginning in the northwest corner.
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Table 1 is an index of previously published well numbers and cor-
responding numbers in this report.

TABLE 1.—Indexr of previously published well numbers and corresponding
numbers in this report

[01d numbers were published in Forbes and others (1949)]

New o1d New old New old New old

LOCATION AND ECONOMIC DEVELOPMENT

Winkler County occupies an area of 887 square miles in west Texas,
immediately adjoining the southeast corner of New Mexico. (See fig.
1.) Like Andrews County on the north, Ward County on the south,
and Ector County on the east, Winkler County owes its economic im-
portance to the production of oil. Kermit, the county seat and center
of the oil industry in the county, had an estimated population of more
than 10,000 in 1957; the total county population was estimated at
about 12,000.

New oil fields are being developed, and old ones are being restored
by new processes of recovery. (See fig. 2.) The production of oil in
Winkler County, according to the Railroad Commission of Texas, was
15,661,412 barrels in 1956. Other industries are the production of
natural gas, gasoline, liquefied gas products, carbon black, and sulfur.

Most of the land in the county has been used for grazing cattle.
Although the severe drought from 1947 to 1957 resulted in the destock-
ing of much rangeland, cattle raising is still an important industry.

PHYSICAL FEATURES

Winkler County occupies parts of two sections of the Great Plains
physiographic province—the High Plains and the Pecos Valley (Fen-
neman, 1931, pl. 1). The highest land surface (about 3,400 feet above
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FIGURE 1.—Map of Texas showing location of Winkler County.

mean sea level) in Winkler County is in the High Plains section,
or Llano Estacado, which includes the northeastern part of the county.
The High Plains area is bounded by a west-facing escarpment called
Concho Bluff, whence the land slopes gently southeastward. The
nearly flat surface is poorly drained; large depressions called playas
are common, and there are many smaller ones.

The surface of the rest of the county, the Pecos Valley section, slopes
to the southwest and south from Concho Bluff. The altitude in the
county is lowest (about 2,670 feet) near the south edge, in the Pecos
Valley section.

Surface drainage leaving Winkler County is insignificant. Small
gullies head along Concho Bluff, extending to the sandy belt in front
of the bluff, where storm waters quickly infiltrate the sand. Cheyenne
Draw and Monument Draw in central and west-central Winkler
County are ephemeral and discontinuous. Eolian (windblown) sand
has nearly filled Cheyenne Draw where it heads into New Mexico.
West of Wink a part of Monument Draw has been dammed, forming
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F16URE 2.—Map showing location of oil flelds in Winkler County, Tex.

a lake into which saline water produced with oil at the Hendrick field
has been placed (pl. 1).

A striking physcial feature is the “blow sand” that forms a belt of
high, shifting dunes 24 miles wide, extending from the southeast
corner of New Mexico to the southeast corner of Winkler County. This
is a part of a wider sandy belt, 8-15 miles wide in Winkler County,
that extends into New Mexico and into Crane County, Tex. Among
the active sand dunes and westward, captured dune sand supports
sparse vegetation. In some places wind action has removed all free
sand from caliche-indurated surfaces, leaving shallow depressions
known as “blowouts.” The sand dunes rise as much as 3040 feet above
the surrounding land surface. At many places along the west flank of
the area, where the dune surface and the water table almost intersect,
growths of willow trees and wild plum thickets abound. Waterholes
are excavated below the water table in these areas to provide water for
drilling.
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The surface west of the belt of sand dunes is gently rolling to level
and consists of caliche-indurated sand and some silt and gravel. The
gravel is found principally in small lag-gravel deposits. Large sink-
holes are present in the High Plains part of the county and near the
west border. A discontinuous ridge along the west boundary is
attributed to the burial of an escarpment of Triassic rock by Cenozoic
alluvium.

CLIMATE

The climate of Winkler County is arid to semiarid; it is too dry for
farming without irrigation. The mean annual temperature is 63 °F.
The mean annual precipitation is only about 13 or 14 inches. Precip-
itation data for the stations at Wink, Tex., and Jal., N. Mex. (18 miles
north of Kermit), are shown on figures 3 and 4. In order to assume
a complete record for the Wink station in 1941, 5 inches of precipita-
tion was estimated for the month of June by comparing with the Jal,
N. Mex., record for that month.

The short period of record (1941-56) includes the drought years
1945-56. In order to relate the averages obtained for the short peri-
ods of record to longer, more representative averages for the county,
the averages at the Fort Stockton (Pecos County) and Pecos (Reeves
County) stations for the same period (1941-56) were compared to
averages for longer periods of record at this stations. The average
precipitation for the shorter period (1941-56) was found to be ap-
proximately 2 inches less at the Fort Stockton station and approxi-
mately 3 inches less at the Pecos station. The averages shown for
the Wink and Jal stations probably are between 2 and 3 inches below
what they would be if longer, more representative periods of record
were available.

GENERAL GEOLOGY

The oldest explored rocks in Winkler County are igneous rocks
about 10,000 feet below the surface in the Keystone oil field, about 4
miles northeast of Kermit. Sedimentary rocks of Ordovician, Sil-
urian, Devonian, Mississippian, Pennsylvanian, Permian, Triassic,
Cretaceous, and Tertiary ages are shown by Jones and others (1949)
to be present beneath the surface.

Only the Permian and younger formations are discussed in detail
in this report, as they are the principal sources of ground water in
Winkler County. Their age, thickness, physical characteristics, and
importance as sources of water supply are summarized in table 2.
All water-bearing formations are discussed in greater detail in the
section on geologic formations and their water-bearing properties.
The areas of outcrop of the Cretaceous and younger rocks are shown
on plate 1.
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A southward-trending structural high, which Cartwright (1930, p.
970) designated as the “Central Basin Platform,” divides the Per-
mian basin of west Texas into two subbasins—the Delaware on the
west and the Midland on the east. The western quarter of Winkler
County overlies the east rim of the Delaware basin. The rest of the
county overlies part of the central basin platform. (See fig. 5.)
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FIGURE 5.—Map of parts of west Texas and New Mexico showing Permian structural
features.

A large reef known as the Capitan, deposited along the margins of
the Delaware basin in late Guadalupe time, caused contemporaneous
deposition of three different sequences of rocks: a deep-water marine
facies in the Delaware basin, represented by sandstone, shale, and
limestone; a reef zone, represented by massive crystallin€’ dolomite or
limestone; and shelf or lagoonal deposits, represented by fossiliferous
limestone and shale, dolomitic limestone, saline evaporites, and on-
shore clastics. The shelf deposits are characteristically thin-bedded
dolomite or limestone near the reef, grading into evaporites and
clastics away from the reef. The Capitan limestone represents the
reef deposits. The back-reef deposits are represented by the Gray-
burg, Queen, and Seven Rivers formations, and the Yates sandstone
and the Tansill formation of the Whitehorse group. In the Delaware
basin the sandstones of Guadalupe age are succeeded by the anhydrite
of the Castile formation of Ochoa age.

The Castile, Salado, and Rustler formations and the Dewey Lake
redbeds of the Ochoa series record the end of Permian deposition in
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the Delaware basin. The central basin platform and other back-reef
areas were probably above or near sea level during the deposition of
the Castile formation, a sequence of evaporite rocks in front of the
Capitan reef. After the deposition of the Castile, the sedimentary
rocks of the Salado formation were deposited in the Delaware basin
and across the central basin platform. This widespread deposition of
evaporites, alternating at intervals with limestone, dolomite, shale,
and sand, continued through Salado and Rustler time. Like the
Salado, the Rustler formation was deposited in both the Delaware
basin and the shelf areas. The evaporites were overlain by the Dewey
Lake redbeds, the youngest rocks of the Ochoa series.

According to King (1942, p. 763), “ After Ochoa time, a long interval
of non-deposition ensued in West Texas, and the region was probably
land. Deposition did not begin again until late Triassic time, when
the Dockum group waslaid down.”

The deposition of the Dockum group is recorded by the terrestrial
sediments of the Tecovas and Santa Rosa formations, and the Chinle
formation equivalent. The Dockum sediments are the last record of
Triassic deposition in the area.

Rocks of Early Cretaceous age record the next deposition in Wink-
ler County. Sands of the Trinity group unconformably overlie rocks
of the Triassic Dockum group. The youngest Cretaceous beds are
marine limestones of the Fredericksburg group, which overlie the basal
Trinity group. The Cretaceous rocks crop out in Concho Bluff in
northeastern Winkler County and underlie the High Plains, but in
the rest of the county they have been removed by erosion.

A mantle of alluvium and dune sand of Cenozoic age overlies the
older rocks in all but the High Plains part of the county. The de-
posits range in thickness from a few feet to about 1,050 feet.

Plates 2 to 5 show the structural relations of the water-bearing rocks
of the county. The sharp lithologic break at the contact of the an-
hydrite bed at the top of the Rustler formation with the overlying
Dewey Lake redbeds is readily distinguishable in mechanical and
drillers’ logs. This contact was used in preparing the structural
contour map of the top of the Rustler formation (pl. 5).

The base of the Santa Rosa sandstone, 300-850 feet above the top
of the Rustler formation, marks the deepest occurrence of fresh water
in most of Winkler County. Its contact with the underlying Tecovas
formation is readily distinguished in mechanical logs. By using the
altitudes determined from the mechanical logs and by interpolating
from the Rustler structure where control was lacking, a structure
contour map of the base of the Santa Rosa sandstone (pl. 6) was
prepared.
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Drillers’ log and mechanical logs were used in preparing two east-
west cross sections (pls. 2 and 3) and one north-south cross section
(pl. 4) showing the structure from the surface to the Rustler forma-
tion. Two other cross sections (pl. 7), drawn to an expanded hori-
zontal scale, show the same stratigraphic interval in the vicinity of
Kermit.

The contour map and the cross sections show two major structural
features that are probably related to the same crustal deformation.
Post-Triassic crustal movements formed a structural high along
the east rim of the Delaware basin and fractured the rocks overlying
the soluble salts of the Ochoa series. The rock fractures provided
channels for ground water to circulate in the underlying sediments
and thus dissolve part of them. The overlying beds collapsed into
the voids created by the removal of the soluble salts, forming a
slumpage trough (Adams and Frenzel, 1950, p. 301). The trough,
about 5-10 miles wide in Winkler County, is shown on the cross sec-
tions and structural maps (pls. 2, 3,5,6). The east edge of the trough
approximately overlies the buried Capitan reef. The axis of the
trough trends generally southward, extending from New Mexico
through the western part of Winkler County into Ward County on
the south.

Because the collapsed beds in the trough were more susceptible to
erosion than those away from the trough, a stream channel developed
in them before the Cenozoic alluvium was deposited. The head of
the channel was to the north and the channel drained to the south.
This is seen by comparison of cross sections 4-4” (pl. 2) and B-B’
(pl. 3). The deepest erosional surface separating the Cenozoic rocks
from the Triassic rocks on the northernmost cross section 4A-4’ is 2,270
feet above sea level at well C-8. The deepest erosional surface in the
southernmost cross section B~B’ is about 1,670 feet above sea level
at well G-144. Buried tributary channels in the erosional surface
drain toward the slumpage trough. One such tributary channel or
system of channels is suggested by the formational relation shown
by the logs of well D-10 and the adjoining wells on cross section
A-A’ and by the logs of well G-79 and its adjoining wells on cross
section B-B’.

The second major structural feature is a structural high, the axis
of which extends southwestward from near the corner of New Mexico
through the central part of the county to a point just west of Kermit,
where it curves southeastward, the high disappearing about 12 miles
southeast of Kermit. East of the axis of the high, the rocks dip
slightly to the east or northeast. Kermit lies nearly across a saddle
on the high between locally higher areas to the northeast and south.
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This regional high overlies the back-reef sediments of the Permian
reef complex. On the west side of the high, the Santa Rosa sandstone
plunges into the slumpage trough. Farther west the Santa Rosa
rises from the trough and again assumes a fairly level attitude.

There is little doubt that the rocks in Winkler County are faulted,
but no faults are shown on the geologic map, the structural maps, or
the cross sections. The cross sections and structural maps show de-
formation of the rocks on the southwestward-trending high and in the
slumpage trough in west-central Winkler County, but the sand mantle
prevents the detection at the surface of any fault traces.

GEOLOGIC FORMATIONS AND THEIR WATER-
BEARING PROPERTIES

PALEOZOIC ERA
PERMIAN SYSTEM
GUADALUPE SERIES

Guadalupe time in Winkler County and vicinity was characterized
by a restriction of the areas of marine environment. This condition
resulted partly from the general retreat of the Permian seas from
the continent and partly from the growth of reefs around the Dela-
ware basin. The reefs caused large lagoonal areas to be shut off from
free access to the sea, so that the salinity of the lagoons was greatly
increased by evaporation. In late Guadalupe time sedimentation
was continuing at different levels simultaneously: in the lagoon be-
hind the reef barrier, on the reef itself near sea level, and on the
floor of the sea.

In the following discussion of the individual formations of the
Guadalupe series, only the Capitan limestone and its back-reef equiv-
alents are considered. The equivalents in the Delaware basin in
Winkler County are not known to yield water and are not here
discussed.

CAPITAN LIMESTONE

The Capitan limestone, 1,500—2,000 feet thick (Newell and others,
1953, p. 105), is late Guadalupe in age. The sediments, originally
deposited as a reef, consist of limestone, dolomite, and talus charac-
teristic of reefs. Adams and Frenzel (1950, p. 295, fig. 1) show the
Capitan as a north-south-trending belt of rocks approximately 6 miles
wide near the center of the west half of Winkler County. The Capitan
is found at depths greater than 2,000 feet throughout its extent in
the county; it interfingers with rocks of the Whitehorse group to
the east.
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There is no known production of water from the Capitan limestone
in Winkler County. However, the Capitan yields about 1,000 gpm of
moderately saline water to an irrigation well in Pecos County, and
possibly it would yield similar supplies in Winkler County.

WHITEHORSE GROUP

The five formations of the Whitehorse group—the Grayburg, Queen,
Seven Rivers, Yates, and Tansill—are back-reef equivalents of the
Capitan reef sediments. Along the west side of the central basin
platform, the Whitehorse is predominantly dolomite interbedded with
sand and some anhydrite and salt, the proportion of anhydrite and
salt increasing to the east.

Grayburg formation

The Grayburg formation (Dickey, 1940, p. 44-47), about 300 feet
thick in Winkler County, is the lowest formation of the Whitehorse
group. It consists of dolomite and sandy dolomite interbedded with
red and gray sandstone; some anhydrite is present locally. The depth
to the Grayburg ranges from about 3,200 to 4,000 feet in Winkler
County.

The Grayburg yields large quantities of moderately saline water,
which is used for waterflooding at Goldsmith in Ector County.
Queen formation

The Queen formation (Lang, 1937, p. 856-859; King, 1942, p. 705,
707), about 400 feet thick in Winkler County, overlies the Grayburg
formation. It consists of red and gray sandstone interbedded with
dolomite and some anhydrite and salt. The Queen is found at depths
ranging from about 2,800 to 3,600 feet in the county.

The Queen formation is not known to yield water to wells in Wink-
ler County.

Seven Rivers formation

The Seven Rivers formation (Lang, 1937, p. 856-860), about 550
feet thick in Winkler County, overlies the Queen formation. The
Seven Rivers consists of anhydrite and some red sandstone, shale, and
dolomite. Toward the reef the dolomite content of the formation in-
creases as the anhydrite content decreases. The depth to the Seven
Rivers in Winkler County ranges from about 2,500 to 3,000 feet.

Large quantities of moderately saline water are produced with the
oil from this formation, and some of it is used for waterflooding.
Yates sandstone

The Yates sandstone was named by Cartwright and Adams
(Gester and Hawley, 1929, p. 487) from the type locality in the Yates
oil field in Pecos County. It isabout 300 feet thick in Winkler County
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and overlies the Seven Rivers formation. The Yates consists of gray
and red sandstone having scattered large frosted quartz grains, a few
thin beds of dolomite, and beds of red and gray shale. The depth to
the Yates in Winkler County ranges from about 2,300 to 2,800 feet.

The Yates yields small quantities of brine in conjunction with oil
production in the county.
Tansill formation

The Tansill formation (DeFord and Riggs, 1941), about 200 feet
thick in Winkler County, overlies the Yates sandstone and is the top
formation in the Whitehorse group. The rocks are predominantly
dolomite near the reef, grading away from the reef into anhydrite
and to anhydrite and salt. The Tansill is found at depths ranging
from about 2,100 to 2,700 feet in the county.

The Tansill formation is not known to yield water to wells in

Winkler County.
OCHOA SERIES

Throughout Permian time a deep embayment linked the broad
shallow seas of the Permian basin with the ocean to the south. In
the Capitan stage a continuous barrier reef separated the deep sea-
ward waters from the shallow back-reef lagoons. At the close of
Capitan deposition the lagoonal sea expanded when the Delaware
basin was uplifted and tilted slightly eastward. The first deposits
in the expanded lagoon were anhydrite, and these were followed by a
thick section of salt interbedded in places with potash salts and other
late-stage evaporites. The Dewey Lake redbeds, the last in the Ochoa
series, mark the end of marine deposition in the Permian basin.

CASTILE FORMATION

The Castile formation, about 1,700 feet thick in Winkler County
(Lang, 1937, p. 876), is the bottom formation of the Ochoa series. The
evaporites of the Castile formation filled the basin in front of the
previously deposited Capitan reef sediments, The Castile is not pres-
ent on the central basin platform. The evaporites consist largely of
calcareous anhydrite and some fairly widespread salt beds. The
Castile is found at depths greater than 3,000 feet in Winkler County.

The Castile formation is not known to yield water in the county.

SALADO FORMATION

The Salado formation (Lang, 1935, p. 262-270), about 400-2,000
feet thick in Winkler County, overlies the Castile formation in the
Delaware basin and the Tansill formation on the central basin plat-
form. The Salado is thinnest where it underlies the slumpage trough
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of west-central Winkler County. The difference in thickness is due
principally to the removal of salts by subsurface solution (Maley and
Huffington, 1953, p. 543). The Salado in the Delaware basin was
truncated and overlapped by the Rustler formation. The upper salt
beds extend northeastward from the reef rim of the Delaware basin
across most of the central basin platform.

The Salado formation differs from the Castile formation in that it
is composed mostly of salt (halite) and a subordinate amount of
anhydrite. Another important difference is the presence in the Salado,
of potash minerals such as sylvite and orange polyhalite, instead of
calcite as in the Castile. The Salado has small amounts of dolomite
and magnesite. The depth to the Salado in Winkler County ranges
from 1,100 to about 2,300 feet.

The formation is not known to yield water in the county.

RUSTLER FORMATION

Deposition of the Rustler formation (Richardson, 1904, p. 44) was
preceded by a period of uplift and erosion. The Rustler, 300-500 feet
thick in Winkler County, unconformably overlies the Salado for-
mation. It consists largely of dolomite and anhydrite and has a basal
zone of sand, conglomerate, and variegated shale. Locally the Rustler
contains minor amounts of salt, and in places limestone replaces the
dolomite. The dolomite and limestone contain many of the openings
known as vugs, and cavernous conditions are reported in many places.
The altitude of the top of the Rustler is shown in plate 5.

Production of water from the Rustler is sporadic, owing to the
irregular occurrence of cavernous openings; however, yields up to
800 gpm have been reported. Most wells drilled into or through the
Rustler in Winkler County yield artesian water. The water is either
highly saline or briny and is used for waterflooding.

DEWEY LAKE REDBEDS

The Dewey Lake redbeds (Page and Adams, 1940, p. 62-63), 230~
580 feet thick in Winkler County, is the youngest formation of the
Ochoa series. The individual beds are uniformly thin and consist of
siltstone cemented with gypsum and calcite. The contact between
the red beds and the underlying Rustler formation is easily distin-
guished by the change in lithology between the red beds and the anhy-
drite member of the Rustler. On most radioactivity logs the top of
the Dewey Lake is marked by a distinct zone, generally 10-20 feet
thick, of decreased natural radioactivity as measured by the gamma-
ray curve. In electric logs the same zone is outlined by the self-
potential curve, which is sharply depressed opposite the zone. (See
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wells H-34 and H-41, pl. 3.) The zone is considered to be the “zone
of bleaching” noted by Page and Adams (p. 62). The Dewey Lake
is found in the county at depths ranging from 250 to about 1,650 feet.
The Dewey Lake redbeds is not known to yield water to wells in
Winkler County.
MESOZOIC ERA

TRIASSIC SYSTEM
DOCKUM GROUP

The Dockum group is exposed in scattered small outcrops in the
southern High Plains and the Pecos River valley. The group has
been divided into three formations: the lower red shale, siltstone, and
very fine grained sandstone called the Tecovas formation ; the middle
reddish-brown and gray sandstone called the Santa Rosa sandstone;
and the upper brick-red to maroon and purple shale with thin beds of
fine red or gray sandstone and siltstone called the Chinle formation
equivalent.

The Dockum group is almost the exact equivalent of the Chinle
formation of the Colorado Plateau region (Reeside and others, 1957,
p. 1476). However, local usage has included only the upper part of
the Dockum group as equivalent to the Chinle formation of the type
area. The term Chinle formation equivalent will be used in this
report.

TECOVAS FORMATION

The Tecovas formation, ranging from 0 to 270 feet in thickness in
Winkler County, is the bottom formation of the Dockum group. The
Tecovas, laid down on an erosional surface in the Dewey Lake red-
beds, consists of red shale, silt, and very fine grained sandstone grading
into the overlying Santa Rosa sandstone. The Tecovas is readily dis-
tinguished in radioactivity logs by its high degree of natural radio-
activity as measured by the gamma-ray curve. In electric logs it is
distinguished by a higher self-potential than that of either the top
zone of the underlying Dewey Lake redbeds or of the overlying Santa
Rosa sandstone. (See wells H-34 and H-41, pl. 8.) The Tecovas is
present in most places in Winkler County; however, in a small area
southwest of Wink it has been removed, apparently by erosion (well
F-31, pl. 3). The Tecovas is found at depths ranging from about
100 to 1,450 feet in the county.

The Tecovas formation is not known to yield water to wells in
Winkler County.

SANTA ROSA SANDSTONE

The Santa Rosa sandstone, 200-350 feet thick where the full section
is present in Winkler County, overlies the Tecovas formation and
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underlies the Chinle formation equivalent, or the Cenozoic alluvium
where that unit is absent. A full or partial section of Santa Rosa
sandstone is present everywhere in the county except in the area south-
west of Wink, where the entire Triassic section has been removed by
erosion (well F-31, pl. 3). Plate 6 shows the altitude of the base of
the Santa Rosa throughout the county.

The Santa Rosa sandstone consists of reddish-brown and gray
medium- to coarse-grained, subangular arkesic, micaceous, and con-
glomeratic sandstone cemented with calcite and some silica. The
sandstone is typically crossbedded and is interbedded with soft red
and green shale and siltstone.

The Santa Rosa sandstone is the principal fresh-water aquifer in
the county. The occurrence of ground water in the Santa Rosa and
associated alluvial deposits is discussed in detail on pages 22-23.

OHINLE FORMATION EQUIVALENT

The Chinle formation equivalent, ranging in thickness from 0 to
about 1,000 feet in Winkler County, is the top formation of the
Dockum group. It conformably overlies the Santa Rosa sandstone and
unconformably underlies Cretaceous and Cenozoic rocks. The Chinle
formation equivalent crops out in a very narrow band near Concho
Bluff; however, owing to the small extent of the outcrop, it is not
shown on the geologic map. The formation is present in the sub-
surface of the eastern part of the county and much of the northern
part, but owing to erosion it is absent in the southwestern part of the
county and on the structural high in the west-central part (pls. 2,4, 8).

The Chinle formation equivalent consists of brick-red to maroon
and purple shale and thin beds of fine red or gray sandstone and silt-
stone. Green and gray mottling and yellow streaks are common in
the shale. The beds of sandstone are of a finer texture than those
of the underlying Santa Rosa. Locally, limestone beds several feet.
thick are found in the formation.

The Chinle formation equivalent is not known to yield water to
wells in Winkler County.

CRETACEOUS SYSTEM
TRINITY GROUP

The Trinity group, which has a maximum thickness of about 100
feet where it crops out to form the base of Concho Bluff in northeastern
Winkler County, unconformably overlies the Chinle formation equiv-
alent. The Trinity consists of sandstone, siltstone, conglomerate, and
gravel cemented with carbonate minerals. In a few places silica-
cemented zones are found.
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Although the Trinity group is the principal source of water in
neighboring Ector County, it yields only small quantities of water
of good chemical quality to a few wells in the extreme northeastern
part of Winkler County. Most of the beds of the Trinity group lie
above the water table in the county.

FREDERICKSBURG GROUP

The Fredericksburg group, 0-50 feet thick, overlies the Trinity
group in northeastern Winkler County. The Fredericksburg consists
of gray to cream and brown hard to earthy fossiliferous and sandy
marine limestone. Solution cavities, some of which may be seen in
the face of Concho Bluff, are common in the limestone.

Like most of the Trinity group, the rocks of the Fredericksburg
group are not water bearing in Winkler County.

CENOZOIC ERA
TERTIARY AND QUATERNARY SYSTEMS
CENOZOIC ALLUVIUM

The Cenozoic alluvium unconformably overlies rocks of Permian,
Triassic, and Cretaceous ages in Winkler County. The thickest allu-
vial sediments were deposited in the slumpage trough on the eroded
surface of the rocks of Triassic age. The final establishment of the
erosional surface took place in Cenozoic time prior to and during the
deposition of the alluvium.

The alluvium consists of unconsolidated sand, silt, gravel, clay, and
caliche and has an average thickness of about 100 feet except in the
trough, where it has a maximum thickness of 1,050 feet. Thin beds
of gravel are reported in the alluvium in the central basin platform,
whereas in the slumpage trough in west-central Winkler County indi-
vidual gravel beds have been found to be as much as 90 feet thick.
Clay beds as much as 200 feet thick also occur in the deep alluvium.

The lower part of the alluvium is similar in color to the underlying
Triassic and Permian red beds and is difficult to distinguish on the
basis of color; however, the two may be distinguished readily by
differences in radioactivity. Except where the Cenozoic rocks are in
contact with the Santa Rosa sandstone, their radioactivity as meas-
ured by the gamma-ray curve of radioactivity logs is much less than
that of the underlying Triassic and Permian rocks (wells D-10, E-14,
and E-5, pl. 2). Where the Cenozoic and Santa Rosa are in contact,
the drillers’ logs generally are the best means of determining the
contact.

The occurrence of water in the Cenozoic alluvium is discussed in
detail on pages 22-23.
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QUATERNARY SYSTEM
SAND DUNES

A belt of sand dunes 8-15 miles wide extends southeastward through
the eastern part of Winkler County (pl. 1). A part of the belt (24
miles wide) consists of high shifting dunes, making up an area almost
entirely devoid of vegetation. The remainder of the dunes are cap-
tured and support sparse vegetation. The dune sand ranges in
thickness from 0 to about 250 feet, the thickness being greatest in the
area of the high dunes.

Although the dune sand yields small quantities of water of good
quality to pits and a few wells, its chief importance is as an excellent
recharge facility to the underlying formations.

GROUND WATER
SOURCE AND OCCURRENCE

The principal fresh-water aquifers underlying Winkler County are
the saturated zones in the Santa Rosa sandstone and the Cenozoic allu-
vium. They are part of extensive aquifers underlying a large area in
west, Texas and eastern New Mexico. The source of all fresh water to
the aquifers is precipitation, part of the water being derived from
precipitation within the county and part from areas to the north and
northeast. The Santa Rosa obtains its water principally from water
percolating through the Cenozoic deposits where the two formations
are in contact ; the base of the Santa Rosa is the lowest limit of fresh
water in the county. The source of water to the older saline water-
bearing formations, in addition to that entrapped at the time of their
deposition, is underflow into the county from their outcrop areas and
leakage from overlying formations.

The Santa Rosa sandstone and Cenozoic alluvium are separate
aquifers where the relatively impermeable material of the Chinle for-
mation equivalent is present between them. The Chinle formation
equivalent confines water in the Santa Rosa under artesian pressure,
whereas water in the Cenozoic alluvium is unconfined and occurs under
water-table conditions. Where the Chinle formation equivalent is
absent the Santa Rosa and alluvium are in contact, forming a single
unconfined aquifer.

The Santa Rosa sandstone is the most extensive of the two aquifers
and has no lateral boundaries in Winkler County. The Cenozoic
alluvium extends into New Mexico and adjoining counties, but as an
aquifer it is discontinuous in areas where it is not water bearing, and it
is missing where older formations crop out (pl. 1).
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Water fills the pore spaces of the granular material of the aquifers.
The porosity is the proportion of pore space to the total volume of
material and is independent of grain or pore size. Thus, a unit volume
of clay or silt may contain as much water as, or more water than, a
unit volume of sand or gravel. The ability of the aquifers to transmit
water is called “permeability” and is largely a function of the pore
size—the larger the pore spaces the more readily the material will
transmit water. The Santa Rosa generally stores less water and is less
permeable than the unconsolidated materials of the Cenozoic alluvium,
because it is more compact and cementing material fills some of the
pore space. However, in some places the Santa Rosa has been fractured
and large openings have been created, which locally may make the
aquifier more permeable than the coarsest material in the Cenozoic
alluvium.

The occurrence of water in the older, saline-water-bearing forma-
tions is discussed in this report only as it pertains to the pollution of
the fresh-water aquifers.

MOVEMENT OF GROUND WATER

Plate 8 shows by contours the configuration of the water table in the
Cenozoic alluvium in Winkler County in 1956. Insufficient data are
available to contour the piezometric surface of the water in the Santa
Rosa, but the altitudes of water levels in a few wells in the Santa Rosa
are shown.

The configuration of the water table is related to the direction of
ground-water movement but is also a reflection of such things as differ-
ences in recharge rates and transmitting properties of the aquifer, of
discharge areas, and of irregularities of the underlying confining beds.
Hydrologic data indicate that ground water in Winkler County
probably moves as follows: A relatively small amount of water moves
into the county from the northeast. Recharge from the land surface
increases the quantity as flow continues southwestward, the natural
recharge being greatest in the sand-dune area in the eastern part of
the county. The flow through the Cenozoic alluvium is decreased in
an area north-northeast of Kermit, where a part of the water moves
downward from the Cenozoic into the underlying Santa Rosa, form-
ing the chief means of recharge of that formation in the report area.
In the vicinity of Kermit, withdrawals from industrial and public-
supply wells also tend to decrease the flow through the Cenozoic
alluvium. A few miles west of Kermit the flow tends to be increased
substantially by recharge from industrial wastes. Underflow from
this area, where the contours on plate 8 are widely spaced, appears to
be divided principally into two components—one toward the thick
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deposits in the structural trough to the west, the other southward to
the county line in the area east of the trough. The alluvium at the
east edge of the county is not water bearing; consequently, the water
moving into the trough is presumed to move southward through the
trough.

The altitudes of water levels in wells tapping the Santa Rosa (pl. 8)
in the area north-northeast of Kermit are higher than those in sur-
rounding areas in the county east of the structural trough. Thus,
water in the Santa Rosa appears to. move in all directions away from
the area where it enters the formation from the overlying Cenozoic
alluvium.

Water from the Santa Rosa sandstone generally is more mineralized
in the far northern and eastern parts of the county than in the central
and southern areas. The higher mineralization suggests that the
movement of water toward the east and north is very slow compared
to movement toward and south of Kermit, where the quality of the
water in the Santa Rosa sandstone is similar to that of the fresh
water in the alluvium. The chemical quality of the water and its
relative rate of movement in the Santa Rosa sandstone in the rest
of the county, east of the structural trough, is unknown.

West of the trough the altitudes of water levels in wells in the Santa
Rosa suggest that water moves into the trough and southeastward
along it. Water west of the trough is of good quality.

RECHARGE
NATURAL RECHARGE

Most of the precipitation in Winkler County is evaporated or con-
sumed by plants; only a small part recharges the aquifers. The aquifer
is substantially recharged only when intense storms of long duration or
of frequent occurrence moisten the soil enough that deep percolation
takes place. However, such climatic conditions are infrequent.

The area most favorable for recharge is a belt of sand dunes
8-15 miles wide extending northwestward across the eastern part of
the county (pl. 1). The thickness and permeability of the material
in this area are such as to permit much of the water to percolate rapidly
past the zone—the soil and shallow subsoil—from which water is
discharged by evaporation and transpiration. Elsewhere in the
county the sandy mantle absorbs water rapidly, but it may be under-
lain at shallow depths by finer material, which retards downward
percolation. A determination of the amount of natural recharge in
Winkler County is beyond the scope of this investigation.
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ARTIFICIAL RECHARGE

In parts of the county, the Cenozoic alluvium is—and for some
time has been—recharged at a substantial rate by oil-field waste water.
The area most heavily recharged is about 414 miles west-southwest
of Kermit. Although the nature of the surface material does not
make this area more favorable for recharge from precipitation than
other areas in the county, plate 8 shows that the water table is
mounded beneath the area. Waste water leaking from earthen dis-
posal pits for many years appears to be the cause of the greater rate
of recharge. Many pits, generally near the separators that gather
fluid from producing oil wells in the Hendrick oil field, are the recep-
tacles for the waste water. Ideally they lose water only by evapora-
tion, but evaporation losses are retarded by the film of oil that floats
on the surface of the water, and much of the water is lost by seepage
through the bottoms and sides of the pits. Other areas in the county
where oil is produced also are recharged with waste water, but to a
lesser extent than in the Hendrick field. Further evidenec of recharge
from industrial wastes is discussed on pages 44—49.

Generally, oil-well waste water is highly mineralized, and the
amount of evaporation that does take place increases the concentra-
tion. Thus, recharge from this source pollutes the fresh water aqui-
fer. The amounts and chemical quality of the produced waste water
and its effect on the chemical quality of ground water are discussed
on page 44.

The amount of artificial recharge from other sources, such as irriga-
tion waste water and sewage, is not known but is probably small.

DISCHARGE

Ground water is discharged at the land surface in Winkler County
through wells, and by evapotranspiration where the water table is
close to the land surface. Underflow from the county southward ulti-
mately is discharged in the Pecos River valley. There is no spring
flow or effluent seepage to streams in the county.

In 1956, water wells discharged about 8 mgd of fresh water and
about 3 mgd of saline water. More than half the fresh water and
nearly all the saline water is pumped by the oil industry. In addi-
tion to the production from water wells, more than 20 mgd of saline
water was produced with the oil from oil wells in 1956.

The fresh water is derived from both the Cenozoic alluvium and the
Santa Rosa sandstone; the saline water is derived from many older
formations, but principally those producing appreciable quantities of
oil. A more detailed summary of withdrawals from wells by use and
by location is included in following sections of this report.
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The principal area of natural ground-water discharge is on the
southwest side of the sand dunes, along the base where the water table
is very close to the land surface. Large but undetermined quantities
of water are evaporated from the soil and transpired by the vegetation,
which is much denser here than elsewhere in the county. Ground water
is discharged by evapotranspiration also in a few other scattered areas
in the county where the water table is close to the land surface. The
areas were not mapped nor was the quantity of discharge from them
determined.

The concentration of withdrawals from wells in Kermit and the
industrial area north-northwest of the city has noticeably depressed
the water table in the Cenozoic alluvium. (See pl. 8.) Water moves
laterally toward the pumped wells, and cone-shaped depressions ‘are
formed in the water table in the centers of withdrawal. The quantity
of water pumped is directly related to the volume of the cones because
practically all of it is derived from storage. The cones will continue
to enlarge until they intercept an area where the recharge can be in-
creased or the natural discharge can be decreased enough to equal the
rate of pumping. This balanced condition is unlikly to occur within
the foreseeable future, because of the slow rate of development of the
cones and the remoteness of areas where enough water can be inter-
cepted. Thus, water will continue to be withdrawn principally from
storage except as it is replaced by oil-field waste water.

STORAGE OF FRESH WATER

Some tens of millions of acre-feet of fresh water is stored in the
Cenozoic alluvium and Santa Rosa sandstone beneath Winkler County.
Parts of the formations are unexplored, and accurate estimates of the
quantity of water in them cannot be made with present data. However,
the explored part of the aquifers contains about 20 million acre-feet.
The deep alluvium and Santa Rosa sandstone in the structural trough
form the largest unexplored part of the aquifers; the deposits of the
Santa Rosa in the eastern third of the county also are unexplored.
Part of the unexplored rocks may contain saline water, but a sub-
stantial part probably contains fresh water.

It is impractical to recover all the ground water in storage. The
amount that will drain from the deposits by gravity may be as little
as 50 percent of the total quantity, and the amount economically
recoverable from wells may be only one-half to two-thirds of that
amount. Thus, the quantity of water available for development from
the explored rocks is probably about 5 to 7 million acre-feet.
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UTILIZATION

Before the discovery of oil in 1926, fresh-water pits in the sand-dune
area and shallow windmill wells scattered throughout the county sup-
plied water to the population of less than 100 and to the stock on the
extensive ranches. More and deeper wells were drilled to meet the
demand for more water as the oil industry grew and the population
increased. By 1956 most of the water was pumped from deep wells
equipped with electrically powered turbine pumps. The following
table shows the range in yields of wells and the estimated withdrawal
of fresh water by use in Winkler County in 1956.

Yields of wells and withdrawal of fresh water in 1956, Winkler County, Tex.

Pumpage (mgd)
Num- T ———
ber of Yield per Aver- Total
Use wells well (gpm) age
Public supply:
Kermit. e m 9 160-400 1.67
Wink ... ———- 2 100-300 .08
Oilfield camps - 29 30-180 .18
£ 414 o) S U S 2 ceiiieon .07
—_—— 2.00
Industrial:
Gasoline and other plants___ . icccciieaias 77 30-300 1.82
Waterfliooding . iieaa- 61  30-200 2.98 480
Irrigation:
Includes parks and golf course_ .o 7 100-1,200 1.06 L06
Stock and domestic. .o iicici accccn cmmeeeeeee .31 31
Total (rounded). .o oo oeo oo oot mm e mmmmmmmmeme - 8.2

thl Waterflooding is the process of injecting water into oil-bearing formations to facilitate the recovery of
e oil,

PUBLIC SUPPLIES
CITY OF KERMIT

In 1941 the city of Kermit assumed control of the municipal water
system, which was formerly operated by the Community Public
Service Co. The system at that time was supplied from two wells that
tapped the Cenozoic alluvium. Well D279, a well in the Santa Rosa
sandstone, was incorporated into the system late in 1941.

In 1956 the city was using six wells that tapped both the alluvium
and the Santa Rosa sandstone; the wells yielded 200-300 gpm each.
All the wells are about 300 feet deep. In most of them the upper section
of the saturated alluvium is cased off, because it contains large amounts
of loose fine sand.

The wells that tapped only the Santa Rosa sandstone ranged in yield
from 160-400 gpm in 1956. Well D-291, which was drilled 570 feet
deep in the Santa Rosa sandstone by the city in 1957, yields about
400 gpm. Two other wells in the Santa Rosa (D-277 and D-299)
drilled in 1957 were the most successful in the county, yielding on test

634592 O-62—3
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1,200 and 1,875 gpm, respectively. Permanent pumps for the wells
are designed to yield about 750 gpm.

In 1957 the capacity of the city’s ground and overhead water-storage
reservoirs was 1,655,000 and 150,000 gallons, respectively.

Figure 6 shows the increase in pumpage from the municipal wells

60

40
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[

1943

100,

MILLIONS OF GALLONS

FicURE 6.—Monthly pumpage from municipal wells in Kermit, Winkler County, Tex.,
1943-56.

from 1943 through 1956. The large increase in withdrawals during
the summer months is due chiefly to lawn irrigation and to cooling.
The annual pumpage increased from 71 million gallons in 1943 to
about 610 million gallons in 1956.

CITY OF WINK

From 1930 to 1953 the city of Wink had three wells that tapped the
alluvium for its municipal water supply. The wells, 165-250 feet deep,
yielded 30-210 gpm. Well G-109, the last of these wells to be used,
was abandoned in April 1957 because of an increase in the mineraliza-
tion of the water.

After April 1957 all the water for the city of Wink was supplied by
wells G-110 and G-111, drilled in 1953. Both wells, 240 feet deep, are
cased with 16-inch pipe to about 180 feet and uncased below that depth.
Well G-110 yields about 300 gpm, whereas well G-111 yields only
about 180 gpm with a drawdown of about 80 feet after pumping
2 hours.

In 1956 the total capacity of the overhead and ground-storage reser-
voirs was about 96,000 gallons. In 1957 the city installed another
ground-storage tank having a capacity of 420,000 gallons.
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The water system of the city of Wink had about 450 customers in
1956, and the pumpage for the year was about 30 million gallons.

OIL-FIELD CAMPS

Twelve large camps have been built in Winkler County for the
families of oil-company personnel. Each camp has from 5 to 43
houses and its own water wells and distribution system. Smaller
camps, serving as field offices and having housing facilities for em-
ployees, also have their own water wells and distribution systems.
The combined withdrawal by the 12 major camps in Winkler
County averaged about 180,000 gpd in 1956.

Of the 12 large camps, 9 are in the industrial area north-northwest
of Kermit (grid D, pl.1). Of the 24 wells, 18 serving the camps draw
water from the Cenozoic alluvium, 2 draw water from the Santa Rosa
sandstone, and 9 draw water from both aquifers. The wells yield
30-180 gpm and range in depth from 156 to 600 feet. The pumpage in
1956 for the 9 camps was about 53 million gallons of water—an average
of about 145,000 gpd.

Of the 3 other camps at or in the vicinity of Wink, the camp at
Wink has a field office and about 25 houses to which water is supplied
from 2 wells that tap the alluvium, and a large camp 2 miles west-
southwest of Kermit and another camp 5 miles east of Wink
are supplied by 8 wells tapping both the alluvium and the Santa Rosa
sandstone. About 12 million gallons of water was used by the 3

camps in 1956.
INDUSTRIAL SUPPLIES

Industry used more than half the fresh water pumped in Winkler
County in 1956 and all the saline water. Most of the fresh water and
all the saline water was used for waterflooding in connection with
secondary-recovery projects in oil fields. The secondary-recovery
projects used about as much saline water as fresh water in 1956.

INDUSTRIAL PLANTS

In Winkler County, plants were engaged in the extraction of gaso-
line from natural gas in 1956, of which 2 are about 314 miles north-
northwest of Kermit; 1 is about 6 miles north-northeast, and the
other is about 414 miles south. The combined rate of ground-water
withdrawal by these plants in 1956 averaged about 660,000 gpd from
17 wells, 7 of which tap the Cenozoic alluvium and 10 the Santa Rosa
sandstone. The wells range in depth from 110 to 275 feet and yield
30-300 gpm. Some have reciprocating cylinder pumps powered either
by internal-combustion engines or by small electric motors, but most
of the wells are equipped with turbine pumps powered by electricity.
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A carbon-black plant about 4 miles north of Kermit used about
400,000 gpd in 1956 from 2 wells that tapped the alluvium (D-136
and D-137). Pipeline and compressor plants used an average of about
480,000 gpd. The 9 largest pipeline and compressor plants are scat-
tered throughout areas D and G, shown on plate 1; the 2 largest plants
are in the northern half of area D. In 1956 the 9 largest plants oper-
ated 17 water wells, most of which had turbine pumps powered by
electric motors. Of the 17 wells, 8 tap the Cenozoic alluvium, 2 tap
the Santa Rosa sandstone, and 7 tap both aquifers. The wells range
in depth from 120 to 600 feet and yield 30-185 gpm.

WATERFLOOD PROJECTS

Waterflooding, one of the methods used in the secondary recovery
of oil, involves injecting water under pressure through strategically
spaced wells that tap the oil zone. The injected water raises the pres-
sure head in the reservoir and displaces the oil, pushing it as a “front”
or “bank” toward the oil-producing wells. Waterflooding projects
were started in Winkler County in 1943, and only fresh water was used
until 1952. By the end of 1950, 5 oil operators were using the process;
in 1956, 17 operators were using it. One of them reports that a water-
flooding project may last 9 or 10 years; others report that their projects
may last longer.

Some of the operators consider waterflooding in Winkler County
an economically successful venture; others are unsure and wish first
to evaluate the results. Figure 7 shows that the use of fresh water for
flooding has increased steadily since 1943. The use of highly saline
water (10,000-35,000 ppm of dissolved solids) has remained relatively
constant since 1953; moderately saline water (3,000-10,000 ppm of
dissolved solids) was not used in appreciable quantities until 1956.
Some of the oil operators report that, although their waterflooding
programs will increase in scope, their use of fresh water will decrease
because they plan to recycle the saline water that is produced with the
oil. Table 3 shows that large quantities of saline water are available
from oil wells.

FRESH WATER

About 3,340 acre-feet, or more than 1 billion gallons, of fresh water
was used in waterflooding projects in Winkler County in 1956, making
this industry the largest single consumer of fresh water. In 1956, 61
fresh-water wells were used as supply wells for waterflooding: 81 tap
the Cenozoic alluvium, 5 tap the Santa Rosa sandstone, and 25 tap both
aquifers. All the wells have turbine pumps powered by electric
motors. Some wells are about 100 feet deep, but most are between 200
and 500 feet deep. Of the wells, 46 are in area D, 12 are in the northern
half of area G, and 3 are in the western half of area C. (See pl. 1.)
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TABLE 3.—Quantity of water produced with oil in Winkler County, Tex., 1957

[Data from operating companies]

Number Water diverted to

Field name of well of wells in  disposal pits (gal-
production ons per day)

Block 20 (Delaware sand) . - _ . . o ____ 3 2, 650
Cirele 2 (Fusselman)________________________________ 2 5, 630
East Jasper (Mississippian)._ - ___ . _ .. _______ ? 210
Baves_ - . 10 49, 000
Emperor . 199 72, 800
Emperior (deep)__.__ ... 60 4, 830
Emperor (Holt) . - _ . _ .. 46 12, 100
Flying “W’ oL 4 7, 600
Halley . . _ . 65 4, 840
Halley (Devonian) ... ___.___ 5 24, 500
Halley (Ellenburger) . ______________________________ 2 5, 370
Halley (Glorieta) . __ . _______.____ - ? 1,770
Halley (Montoya) 4 20, 900
Henderson__._____________ 37 1, 520, 000
Hendriek. ... 255 14, 500, 000
Kermit_ ___ . 762 1, 100, 000
Kermit (Ellenburger) . _ . _____. 9 630
Kermit (Fusselman)__ . __ . __________________________ 2 6, 340
Kermit, South (Ellenburger)._.______ . _________.___.__ 3 2, 230
Keystone (Colby sand)___ ... _________________.______ 436 108, 000
Keystone (Devonian) . _________ . __________ 84 3, 280
Keystone (Ellenburger) . - _ .. ________________________ 128 207, 000
Keystone (Holt) . ________________ .. 109 24, 300
Keystone (Lime) - - .. .. 117 60, 300
Keystone (MeKee) - - - . oo ? 504
Keystone (Silurian).________________________________ 48 36, 400
Keystone, South____________________________________ 14 4, 370
LeCk e 18 141, 000
Monahans, North_ _________________________________ 7 1, 070
Monahans, North (Devonian) ___________ ... _._-___ 5 232
Monahans, North (Ellenburger) . _______________.__ 4 2, 500
Monahans, North (Glorieta) . .. .. _ . ____________ 3 2, 450
Monahans, North (Waddell) .. _ . _ . _________ 1 581
Searborough _ _ _ ... - 117 19, 400
Searborough, North__.____ .. _____ 2 88
TXL (San Andres) - _ _ _____ oo~ ? 252
Ward-Estes, North_ _ _ _______ .. ? 2, 310
Weiner (Colby sand) - ___ . _ .. 64 14, 800
Wheeler (Devonian) _ _ . __ .. __ . __________.______ 35 16, 000
Wheeler (Ellenburger) - _ _ _ _________________.________ 29 153, 000
Wheeler S%ilurian) __________________________________ 8 746
Wheeler, Northwest (Ellenburger) _ . _________.________ 1 9, 500
Wight Ranch (Clear Fork) ______ oo . 2 1, 680
Wight Ranch (Ellenburger)__________ .. ___________ 1 7, 460
Totals (rounded) . . __ ... 2,700 18, 000, 000

SALINE WATER

In 1952 several oil operators started using saline water for
waterflooding. The water is treated before it is injected, to inhibit
corrosion. Some operators use moderately saline water from the oil
strata in the Seven Rivers and Grayburg formations; others use water
from the Rustler formation. Most of the water from the Rustler for-
mation used for waterflooding in 1956 was highly saline, some was
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moderately saline, and a small part was considered a brine, having
more than 35,000 ppm of dissolved solids.

Some test wells drilled to the Rustler formation have produced no
water; others have produced as much as 800 gpm. The variation in
yield from place to place results from the irregular occurrence of
cavernous openings in the limestone formation. Six wells, 1,000-1,300
feet deep, in area D (pl. 1) produce water from the Rustler formation
for waterflooding.

One oil company drilled wells G-9, G-37, G40, G-41, and G-42
into the Grayburg formation in Winkler County, for waterflooding
at Goldsmith in Ector County. The wells average about 3,550 feet
in depth and are equipped with deep-well turbine pumps powered
by electric motors. The water is piped from these wells in Winkler
County about 30 miles to Goldsmith, where approximately 1 mgd
was used for waterflooding in 1956. The same company also used
more than 1 mgd for waterflooding in Winkler County in 1956.
This supply came from several oil wells in the Hendrick field, which
produce large amounts of water from the Seven Rivers formation.

OTHER INDUSTRIAL USES

Other industrial uses of fresh water include (a) water to make
drilling fluid for the drilling of oil wells by the rotary method; (b)
water to flush out underground salt deposits for storage of liquefied
petroleum gases; (c) water to seal wooden tanks for storage of crude
oil.

During 1956 several counts were made of the number of rotary
drilling rigs in operation. The number ranged from about 30 to 40.
Generally a water well is drilled close to the oil test, but in a few
places several rigs are served from one well through a common dis-
tribution system. One driller estimated his daily use of water per
well to be between 1,500 and 2,500 gallons. Some of the water wells
have been abandoned because oil tests were unsuccessful, or because
drilling was terminated when the field was fully developed; but most
of the wells have been placed on “standby” to be used when drilling
is resumed.

One oil operator uses water to flush salt from the ground to create
storage space for liquefied gas. It was estimated that more than 30
million gallons of fresh water was used for this purpose in 1956.

Wooden oil-storage tanks are still used in Winkler County. Several
oil operators use fresh water to expand the wood in order to keep
the tanks leakproof.

IRRIGATION SUPPLIES

Irrigation in Winkler County is still in the experimental stage. In

most of the county the root zone is deep and the soil has a low
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moisture-holding capacity, moderate to low fertility, a high sus-
ceptibility to wind erosion, and a high water-intake rate, owing to its
coarse texture (Soil Conserv. Service, 1953, p. 5). Because of the
excellent subsurface drainage in most places, highly mineralized water
may be used for irrigation with little danger of salts accumulating in
the soils. Some farmers in the area report that they are able to use
water having 1,000-2,000 ppm of dissolved solids.

Of four wells used to irrigate feed crops and vegetables in Winkler
County in 1956, three (G-161, G-162, and G-163) tap the deep
Cenozoic alluvium about 5 miles south of Wink, apparently producing
enough water of suitable quality for irrigation of a few hundred acres
of land. In 1956 the wells produced nearly 1,000 acre-feet of water.
Well D-261, which taps the Santa Rosa sandstone near Kermit, yields
considerably less water; it is used to irrigate 1 acre of feed crops and
vegetables.

Wells F-8 and C-52 irrigate the Winkler County golf course and
G298 irrigates the Winkler County park, in the eastern part of
Kermit. About 38 million gallons of water was used from these wells
in 1956. The total use of water for irrigation in 1956 averaged onlv

about 1 mgd.
STOCK AND DOMESTIC SUPPLIES

Most of the stock and domestic wells in Winkler County are equipped
with windmills; the rest are equipped with pumps powered by
electricity or gasoline.

Some of the wells are as much as 1,200 feet deep, but most are less
than 300 feet. The yields range generally from 1 to 5 gpm. About
200 domestic and stock wells tap the Cenozoic alluvium, 18 tap the
Santa Rosa sandstone, 12 tap both formations, and 2 (B-9 and B-14)
in the northeastern part of the county draw water from rocks probably
of Cretaceous age. The combined withdrawal for stock and domestic
use in 1956 was small in comparison to the total withdrawal for all uses
and is estimated to have been about 310,000 gpd.

PUMPING TESTS

Pumping tests were made on a few wells in Winkler County to deter-
mine locally the water-bearing properties of the fresh-water aquifers
tapped by the wells. Owing to the lack of suitable wells, testing of a
representative sample of wells throughout the county was impossible.
The results of the tests are applicable only within a small area around
the tested wells and should not be the basis for predictions of well-field
performance over long periods of time.

The principal hydraulic characteristics of a water-bearing material
are the coefficient of transmissibility and the coefficient of storage.
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These characteristics, which govern the ability of aquifers to transmit
and store water, may be determined from pumping tests.

The coefficient of transmissibility is expressed as the amount of
water, in gallons per day at the prevailing temperature of the water,
that will flow through a vertical strip of the aquifer 1 foot wide
extending the full saturated height of the aquifer under a hydraulic
gradient of 1 foot per foot (Theis, 1935, p. 520). It may also be ex-
pressed as the volume of water, in gallons per day, that will flow
through a vertical strip of the aquifer 1 mile wide extending the
height of the saturated aquifer under a hydraulic gradient of 1 foot
per mile. The coefficient of storage is the volume of water released
from or taken into storage per unit surface area of the aquifer per
unit change in the component of head normal to that surface. Under
artesian conditions the volume of water released from or taken into
storage is determined by the compressibility of the aquifer and ex-
pansion of the water. Under water-table conditions the coefficient
of storage is practically equal to the specific yield, which is the volume
of water involved in gravity drainage or refilling, divided by the
volume of the material drained or filled.

The yield per unit drawdown of a well would be greater than that
of a similarly constructed well if either or both of the coefficients of
transmissibility and storage were greater. Other things being equal,
well yield is approximately proportional to the coefficient of trans-
missibility.

In this investigation the Theis nonequilibrium formula (Theis,
1935, p. 519-524) was used to analyze the pumping tests and the
Theis recovery method (Wenzel, 1942, p. 95-97) was used to analyze
the recovery data of pumped wells.

CENOZOIC ALLUVIUM

Most of the large wells that tap the alluvium produce water only
from the lower part of the saturated sand and gravel. The upper
part in many places contains fine sand, which is difficult to screen,
and in some areas the shallow alluvium contains polluted water.
Wells that tap a representative section of the alluvium and that are
suitable for testing were found only in the area of the slumpage
trough.

A pumping test was made in March 1957 at well G-163, which taps
the deep Cenozoic alluvium in the trough about 5 miles south of Wink
(fig. 8). The well taps the Cenozoic alluvium at a depth interval of
320400 feet. The radioactivity log of a nearby well (G-165) indi-
cates that the section of alluvium is at least 600 feet thick, about 475—
500 feet of which may be saturated. The coefficient of transmissi-
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Ficure 8.—Results of pumping test of well G—163, Winkler County, Tex.

bility as determined during the recovery of the water level in the well
was 25,000 gpd per foot; however, this is not representative of the
full thickness of the alluvium, which may be considerably greater
than the screened section.

On the basis of the coefficient of transmissibility derived from the
test, the theoretical drawdowns for different periods of continuous
pumping at different distances from a well discharging 1,000 gpm
have been computed, by assuming a coefficient of storage of 0.15 (fig.
9). The assumed coefficient of storage is typical of many areas where
ground water occurs under water-table conditions. The figure illus-
trates conditions in an extensive and homogeneous aquifer. Because
of inhomogeneities or boundaries, actual drawdowns may be appre-
ciably greater or less than those indicated.

Wells yielding more than 1,000 gpm from the Cenozoic alluvium
were found only in the deep trough south of Wink. The thickness of
saturated deposits in the trough ranges from about 100 feet near the
edge to more than 1,000 feet near the center (pl. 3).

Most of the wells, other than windmill wells, that tap thinner sec-
tions of Cenozoic alluvium yield between 100 and 300 gpm. The
alluvium in Winkler County, excluding the area of the deep alluvial
trough, has an average thickness of about 100 feet.

SANTA ROSA SANDSTONE

Pumping tests were made on 5 wells that tap the Santa Rosa sand-
stone—3 municipal wells in Kermit (D-277, 291, 299), 1 well 514
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miles north of Kermit (D-49), and 1 well 4 miles east of Wink (G-92).
Water levels were observed in well D-293 while well D-299 was being
tested, and in well D-279 while well D-291 was being tested. Coeffi-
cients of transmissibility were determined from all tests except the one
on well G-92.

The data and results of the pumping tests on the city wells are
summarized on figures 10 to 12 and in table 4. The entire thickness

TABLE 4.—Results of pumping tests on wells tapping the Santa Rosa sandstone
at Kermit, Winkler County, Tex.

. X Thickness of
Discharge Observation | Part of hydro- Coefficient of Coefficient of sandstone
well well graph analyzed | transmissibility storage section as de-
(gpd per ft) termined from

electric logs (feet)

g
2

D-291 Recovery...... 25,000 |- comooimiceoooaen 192 (full section)
291 Drawdown.____ 24, 000 0.00025 | 192

SEREEEEY
:
g
X
®
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g
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FicUuRe 11.—Results of pumping test of well D-299, Winkler County, Tex.

of the Santa Rosa was tested only in well D-291; well D-277 pene-
trated about two-thirds of the formation, and well D-299 penetrated
less than one-half. The results show that in the tested area the coeffi-
cient of storage ranges from 0.00024 to 0.00029, and the coeflicient of
transmissibility ranges from at least 37,000 gpd per foot at well D-299
at the east edge of the city to perhaps as little as 12,000 gpd per foot
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at well D-277 on the west side of town. However, the large yield of
well D-277 suggests that the computed value for transmissibility may
be in error. The transmissibility at well D-299 was determined from
the first half hour of the water-level-recovery data and reflects
conditions close to the pumped well, whereas values from the observa-
tion wells were determined from later data and indicate average con-
ditions over a more extensive area. The coefficient of transmissibility
in the more extensive area is about 25,000 gpd per foot.

The pumping tests, electric logs, and yields of other wells in the
Santa Rosa sandstone indicate that the highly productive zone found
at Kermit is not extensive in all directions. A study of the electric
logs of wells that tap the Santa Rosa suggests that the formation at
Kermit is more permeable than it is north and south of Kermit. The
yields of all other water wells that tap the Santa Rosa are much smaller
than those of the three wells tested at Kermit. However, the water-
bearing properties of the formation are unknown throughout most of
Winkler County, informative data on this area southeast of Kermit
being especially scarce.

The analysis of data from the pumping test suggests a hydrologic
barrier, probably a less permeable portion of this aquifer, near
pumped well D-299. Data from the two observation wells (D-291
and D-293) may be used to determine the position of a point on the
boundary if the boundary actually does prevent the movement of water
and if the aquifer has certain other idealized properties. Although
conditions are not ideal and the boundary undoubtedly is only a less
permeable part of the aquifer, the position as calculated from the
data may be considered approximately correct.

The data were analyzed by the “method of images” described by
Ferris (Wisler and Brater, 1949). The position of the point on the
hypothetical boundary was determined by a graphical method devised
by Moulder (Knowles and others, 1952, p. 94-95). Figure 13 shows
the point to be about half a mile north of well D-299. Some of the
test data from the other wells in the city also suggest that the highly
productive zone in the Santa Rosa sandstone is limited in extent, but
the data are net adequate for determining boundary locations.

Plates 4 and 6 show Kermit to be structurally lower than the area
north and south. Whether the structure is related to the boundary
condition is unknown. However, it is postulated that the permeable
zone in the Santa Rosa at Kermit, which is probably due to fracturing,
is associated with the structural pattern, and that the fractured zone
is not extensive to the north. Further test drilling and test pumping
are needed to define more accurately the extent and hydraulic char-
acteristics of the highly productive fractured zone.
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F16URE 13.—Location of a point on a hypothetical hydrologic boundary near Kermit,
Winkler County, Tex.

The pumping tests of wells D—49 and G-92 show that the trans-
missibilities at these sites are much less than those in Kermit.

QUALITY OF GROUND WATER

The quantity and character of the dissolved minerals in natural
ground water depend on the physical structure and chemical compo-
sition of the rocks and soils that have been in contact with the water.
The duration of contact, the temperature and pressure, and the min-
erals already dissolved are other factors that determine the chemical
quality of the water. Contamination or pollution by various means
may change the character of a water. Organic materials are the
common polluting agents. However, pollution may result from mix-
ing with highly mineralized water ; such may be the case in some areas
of Winkler County where highly mineralized water produced with oil
is placed in earthen pits.

The largest use of ground water in Winkler County is that by
industry and for public supply; comsequently, importance is placed
on the mineral constituents affecting the character of the water for
" such uses. Partial and preliminary analyses of 166 samples from 158
wells (table 9) include the determination, in parts per million, of
silica, iron, calcium, magnesium, sodium and potassium, bicarbonate,
carbonate, sulfate, chloride, fluoride, nitrate, and dissolved solids. A
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part per million is a unit weight of a constituent in a million unit
weights of water.

An earlier investigation of the chemical character of ground water
in Winkler County (Forbes, Lance, and Lang, 1941) gave results of
analyses by chemists of the Works Progress Administration. The
analytical methods used are not of the same order of accuracy as those
of later analyses, but the results may be used to estimate the general
quality of the water.

The chemical suitability of drinking water may vary from place
to place. Standards set forth by the U.S. Public Health Service
(1946) for water used by common carriers in interstate commerce, and
generally accepted as standards for public supplies, are given below.
The concentrations of chemical substances preferably should not
exceed the following limits:

Constituent Parts per million

Iron (Fe) and manganese (Mn) together______________ 0.3

Magnesiuvm (Mg) - ___ 125.

Sulfate (S0.)____ - 250.

Chloride (Cl) - 250.

Fluoride (F) 1.5.

Nitrate (NOs;) e 45.

Dissolved solids — 500 (1,000 permitted).

Table 5 shows the chemical suitability, as compared to these stand-
ards, of the ground water of various formations in Winkler County.
Samples were collected from particular areas throughout the county
and are considered representative of such areas.

More than half the samples analyzed for fluoride had concentrations
exceeding the limit of 1.5 ppm. Most of the public-supply wells,
however, yielded water having concentrations within the limits,
although some had water whose fluoride content was as high as 2.6
ppm. Data collected by various agencies have demonstrated that
fluoride in the drinking water of children reduces the incidence of
tooth decay (Dean, Arnold, and Elvove, 1942), but that concentrations
exceeding 1.5 ppm may cause mottling of tooth enamel when the water
is used continuously (Dean, Dixon, and Cohen, 1935).

Samples whose nitrate concentration exceeded 45 ppm came from
9 wells that were less than 150 feet deep. The high nitrate content
may be the result of pollution from surface sources. In places where
it is necessary to tap the extremely shallow water, special precautions
should be taken during well construction to exclude possible seepage
from surface sources. However, high nitrate content of some waters
may be natural and not necessarily the result of pollution. Nitrate
concentrations exceeding 45 ppm have sometimes caused the disease
methemoglobinemia (“blue babies”) in infants (Maxcy, 1950).
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About two-thirds of the determinations from 158 wells show that
the water contains less than 1,000 ppm of dissolved solids, and more
than 80 percent of the analyses show less than 2,000 ppm of dissolved
solids.

The principal constituents causing hardness of water are calcium
and magnesium. An increase in hardness causes an increase of soap
consumption in washing and laundering processes and of formation
of scale in boilers and other equipment. About two-thirds of the
samples from 148 wells for which hardness determinations were made
show that the water needs to be softened for most domestic and many
industrial uses. A hardness classification commonly used by munici-
palities is as follows: less than 60 ppm, soft; 61-120 ppm, moderately
hard; 121 to 200 ppm, hard; and more than 200 ppm, very hard.
Water whose hardness exceeds 200 ppm generally requires some soft-
ening before being used for most purposes. -

Siliea in certain concentrations forms a hard scale in boiler equip-
ment. Moore (1940, p. 263) proposes the following permissible con-
centrations: Less than 150 psi (pounds per square inch of steam pres-
sure), 40 ppm; 150-250 psi, 20 ppm; 251-400 psi, 5 ppm; and more
than 400 psi, 1 ppm. Of 129 samples from wells of all formations,
46 contained more than 40 ppm.

Most of the ground water in the fresh-water aquifers of the county
is suitable for irrigation. However, new supplies should be tested
and compared with standards proposed by the U.S. Salinity Labora-
tory Staff (1954, p. 69-82) before using them for irrigation. These
standards characterize irrigation water by the content of dissolved
salts, the relative proportion of sodium to the other cations, the con-
centration of boron and other toxic elements, and sometimes the
bicarbonate concentration in relation to the sum of the calcium and
magnesium concentrations.

CENOZOIC ALLUVIUM

Most of the public-supply wells that tap the Cenozoic alluvium
yield water of a chemical quality acceptable for drinking. However,
table 9 shows that the fluoride content of public-supply wells D47,
D-137, D-138, D-278, D-294, E-15, and G-111 exceeds the limit set
by the U.S. Public Health Service and may cause mottling of chil-
dren’s teeth.

Wells B-6, C-2, E-12, E-19, E-24, and H-64 in alluvium yield
water having a nitrate content exceeding 45 ppm. These are shallow
windmill wells that supply water to ranches, and may be polluted
with organic matter from the surface.

634592 O-62—4
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TABLE 5.—Chemical suitability of ground water, by

Iron (Fe) Magnesium (Mg) Sulfate (SO¢)

Geologic unit Number Number Number
Number | of values | Number | of values | Number | of values

of deter- | exceed- | of deter- | exceed- | of deter- [ exceed-

minations| ing 0.3 |mination: ing 125 |minations| ing 250

ppm ppm ppm
All wells!_..__________________. 4 0 151 10 157 64
CenozoicToeks oo oo . 1 0 104 7 110 47
Cenozoie rocks and Santa Rosa sand-

170) 1 L 2 0 23 1 23 5
Cretaceous rocks.._ - 0 0 2 0 2 0
Santa Rosa sandstone.___._______.___ 1 0 18 0 18 9
Rustler formation._____________.______ 0 0 2 2 2 2

! Includes 2 wells not identified with a formation.

About two-thirds of 102 samples collected from wells that tap
alluvium had a hardness of more than 200 ppm, but most of the public-
supply wells yield water having a hardness between 28 and 200 ppm.
However, some wells tap alluvium in areas that have been polluted
by oil-field wastes; they yield water having a hardness of as much as
6,330 ppm. Half of 86 water samples had silica concentrations of more
than 40 ppm and in many of the remainder the concentrations ex-
ceeded 20 ppm.

Waterflooding projects in Winkler County use both fresh and saline
water; much of the saline water is treated to reduce its corrosiveness.
Most of the wells that tap the alluvium are used in waterflooding;
they yield fresh water; however, well D-245, a polluted well, yields
water having a dissolved-solids content of 71,100 ppm.

AREAS OF GROUND-WATER POLLUTION

The ground water in the Cenozoic alluvium seems to have been pol-
luted in several areas in Winkler County. Probably most of the
pollution has been caused by leakage from earthen disposal pits for
saline water produced from oil wells. Plate 9 shows by a diagrammatic
method (Stiff, 1951, p. 15-17) the relations of the principal ions in
water from selected wells that tap the Cenozoic alluvium. The dia-
grams in figure 14 represent water from the oil-producing strata in
the Hendrick field (table 5). The chemical constituents are repre-
sented by two diagrams. The shaded diagrams show the concentra-
tions of cations and anions, in equivalents per million. The blank
diagrams show the percentage relations of equivalents per million of
the cations and the anions, commonly called “percentage reacting
values.”

The distinct similarity of the diagrams representing the water from
Wells C-50, F-15, F-21, F-30, F-37, G4, 6-38, G-60, and G-109
(pl. 9), which tap the Cenozoic alluvium in the vicinity of the Hend-
rick oil field, and the diagrams representing the water produced with
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geologic formation, in Winkler County, Tex.

Fluoeride (F) Chloride (Cl) Nitrate (NO3) Dissolved solids
Number Number Number Number | Number | Number
Number | of values | Number | of values | Number | of values { Number | of values | of values | of values
of deter- | exceed- | of deter- | exceed- | of deter- [ exceed- | of deter- | exceed- | exceed- | exceed-
minations| ing 1.5 |minations| ing 250 |minations| ing 45 |minations| ing 500 | ing 1,000 | ing 2,000
pPpm ppm ppm ppm ppm ppm
106 64 158 38 134 9 158 86 56 24
71 45 111 29 89 6 111 61 40 17
17 6 23 4 21 1 23 9 6 3
2 2 2 0 2 1 2 1 0 0
13 8 18 1 18 1 18 11 7 2
2 2 2 2 2 0 2 2 2 2

the oil in the Hendrick field (fig. 14) suggests that the alluvium is
being polluted. Chemical analyses of samples from the water wells
(table 9) show that dissolved-solids range from 1,430 ppm at well
G-109 to 4,670 ppm at well F~21. The wells range in depth from 90 to
210 feet and draw water from the top or near the top of the saturated
alluvium section. The chloride content of the samples from the Hend-
rick oil field range from 1,190 to 15,600 ppm (table 6). A companson
of analyses of samples taken from well F-15 in 1940 and in 1956
(table 9) indicates that most of the pollution has taken place since
1940. Two other water wells in the area, F-14 and G-111, draw water
from the alluvium below 180 feet and probably have not yet been
polluted.

A short history of the Hendrick oil field will help to explain the
source and extent of pollution in the area. Oil was found in the
Seven Rivers formation in 1926, in the area that is now the Hendrick
oil field. At first oil production was rapid, but within 2 years the
annual production began to decrease, so that by 1956 the field had
been classified as a “stripper field” (Phifer, 1956, p. 29). Some wells
were producing water in late 1927, and 3 months later the wells were
producing 0.5-98 percent water (Ackers, De Chicchis, and Smith,
1930). By 1930 all the 562 oil wells in the field were producing large
amounts of water. Correlation between the yearly water production
reported by some oil operators and the number of producing wells
each year shows that about 800,000 acre-feet of water was produced
from the field from 1937 to 1957—an average of about 36 mgd during
this 20-year period. As oil production per well decreased, the water
production per well probably increased ; however, the total fluid pro-
duction has decreased, and there have been fewer producing wells
each year. In 1957 the operators of the Hendrick field reported a
water-production rate of about 14.5 mgd (table 3), about 13.7 mgd
of which was placed in surface pits or directed to a communal dis-
posal lake, about 1.5 miles northwest of Wink; the rest was used
in secondary-recovery projects.
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Analysis No. 4
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FieURE 14.—Diagrams showing relations of the principal ions in water produced with the
oil in the Hendrick oil field, Winkler County, Tex.

The production of saline waste water in the other oil fields of
Winkler County was about 8.7 mgd (table 3), 3.4 mgd of which
was placed in surface earthen pits. More than 1 mgd was placed in
surface pits in the Kermit oil field, where chemical analyses show
evidence of severe pollution in one area. A sample of water from
well D245 had a chloride concentration of 41,000 ppm and a specific
conductance of 82,200 micromhos (pl. 9 and table 9). The oil-field
water placed in a surface pit about 100 feet away had a concentration
of 40,900 ppm of chloride and a specific conductance of 82,100
micromhos (table 6, analysis 9).

Well D-93 (pl. 9) was polluted, probably by brine associated with
the project of dissolving underground salt sediments for storing
liquified petroleum gases. Undoubtedly, other localized areas near
surface sources of highly mineralized oil-field disposal water are
being similarly polluted.

Other areas possibly polluted are shown on plate 9 by the diagrams
for wells C-5, D-29, D-154, D-163, and H-81. However, it is un-
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certain whether these wells are polluted from surface sources or if
the water is naturally highly mineralized owing to poor circulation
of water.

AREAS OF FRESH AND NATURALLY SALINE WATER

The water in some wells that tap the Cenozoic alluvium is naturally
saline. Saline water is produced from wells C-39 and F-5 in the
western part of the county, wells E-24, H-7, and H-35 in the eastern
part, and wells A-1, B-6, B-14, B-17, B-18, and D-5 in the northern
and northeastern parts, which either are remote from apparent sources
of pollution or contain water of a different chemical character from
that of the possible pollutants. In general, these wells are found in
areas where the configuration of the water-table surface suggests a
very slow rate of ground-water movement, and this slow rate is prob-
ably responsible for the salinity.

The remainder of the alluvium that is remote from polluting sources
contains fresh water; most of the wells sampled yield water having a
dissolved-solids content of less than 500 ppm. Several wells close to
areas of probable pollution or naturally occurring saline water have a
dissolved-solids content less than 1,000 ppm.

SANTA ROSA SANDSTONE

The analyses of water samples from 18 wells that tap the Santa
Rosa sandstone (table 9) indicate that the water is more mineralized
in the eastern half of the county than in the western half. Water
having the least mineralization is found in the vicinity of Kermit,
near the main recharge area to the Santa Rosa. The samples from 3
wells more than 1,000 feet deep in the eastern part of the county had
dissolved-solids contents ranging from 1,110 to 4,090 ppm; samples
from wells in the rest of the county generally contained less than
1,000 ppm dissolved solids. Well G-3, whose water contained 1,260
ppm of dissolved solids, may be polluted by waste water from a nearby
oil field.

The samples from 23 wells tapping both the Cenozoic alluvium and
the Santa Rosa sandstone ranged in dissolved solids from 128 ppm to
10,700 ppm (table 9). Six of the more mineralized samples came from
wells that may have been polluted, probably through the Cenozoic
alluvium, from saline water and brine from nearby oil fields. The
other 17 samples contained less than 1,000 ppm of dissolved solids.

Hard water high in sulfate and fluoride apparently is common in
the Santa Rosa sandstone. Nine samples had a hardness of more than
200 ppm and more than 250 ppm of sulfate. Eight of the 13 deter-
minations made of fluoride exceeded 1.5 ppm. Concentrations of
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fluoride and sulfate generally were lower in samples from wells tap-
ping both the Santa Rosa and the alluvium.

OTHER AQUIFERS

The water samples collected from two wells tapping the Rustler for-
mation were either highly saline or briny (table 9). The sample from
well D-193 contained 18,400 ppm of dissolved solids, and the sample
from D-160 contained 157,000 ppm.

Two samples from wells probably tapping Cretaceous formations in
the northeastern part of the county contained less than 1,000 ppm of
dissolved solids. The sample from well B-9 had a hardness of 186 ppm
and the sample from well B-10, taken in 1957, had a hardness of 414
ppm and a nitrate content of 49 ppm.

Chemical analyses of water produced with oil from strata of
Ordovician to Permian age are shown in table 6. The analyses are

_incomplete, but they evaluate the most important constituents.

Nearly all the water produced from oil wells in the Hendrick and
Leck fields is only moderately saline. The rest of the oil fields in
Winkler County apparently produce brine with the oil.

CONCLUSIONS

Winkler County has a large supply of fresh ground water in
storage. About 5-7 million acre-feet of stored ground water is avail-
able for recovery through wells in the explored area, and an unknown
quantity of fresh water is available in the unexplored areas. A small
amount of water from precipitation recharges the aquifers. The
average rate of withdrawal from wells in 1956 was about 8.2 mgd,
or about 9,200 acre-feet per year, most of the water being used by
industry and for public supply.

Some of the water wells in the Santa Rosa sandstone at Kermit
and in the alluvium south of Wink yield more than 1,000 gpm each.
In the vicinity of Kermit the larger capacity wells, yielding 400-
1,875 gpm, tap fractures in the Santa Rosa sandstone. In other areas
the Santa Rosa is much less productive. The potential yield of the
Santa Rosa sandstone in several areas, chiefly in the eastern part of
the county, has not yet been determined.

The alluvium is more productive south of Wink, in the deep allu-
vium-filled trough, than elsewhere in the county. Most of the larger
wells in the thinner alluvium are completed in the bottom gravels of
the aquifer to avoid pumping excessively fine sand commonly found
in the upper section. Wells in the alluvium should be constructed to
screen the largest sections of the formation available. They will have
the largest yields.
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Fresh water has been displaced or has become polluted by mixing
with saline water in areas where oil fields continually discharge waste
water into earthen surface pits. The extent and significance of the
pollution are chiefly dependent on the amount of the oil-field water
being discharged and its degree of mineralization. Pollution will
continue to be a serious threat to the fresh-water supplies in Winkler
County until a more effective waste-disposal system is adopted.

Generally, water from the Cenozoic alluvium and the Santa Rosa
sandstone in Winkler County has a moderate mineral content; how-
ever, the high content of fluoride and silica, and the high hardness in
some areas make it undesirable for certain uses. Saline water from
the Rustler formation is used only for waterflooding in the produc-
tion of oil by secondary-recovery methods. Some oil operators are
recycling the saline water being produced with the oil in such opera-
tions. The recycling, or injection of the saline water or brine back
into the oil-producing formations, lessens the danger of ground-water
pollution and also decreases the consumption of fresh water.
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